The results of demonstration projects on development and testing of hydrogen fuel cell power units utilizing low-temperature metal hydrides of AB 5 type as hydrogen storage and purification tool are presented. In the effort to enable the technology for autonomous applications, the novel concept of using fuel cell exhaust air for hydrogen desorption process replacing an external heating agent was successfully proved. The technology of through-flow metal-hydride based hydrogen purification was also successfully utilized for biohydrogen. The results of two proofof-concept projects show a good perspective for autonomous applications and open the opportunity for further research in the field of power system control.
INTRODUCTION
Wide implementation of hydrogen fuel cells (FC) of various types and the increase of efficiency of water electrolysis give a range of opportunities for development and creation of hydrogen based energy storage systems both for variable renewable energy as the fluctuations compensator and for back-up power applications. The key technical issue of hydrogen energy storage of kW-scale is the development of efficient and safe hydrogen accumulators and their integration into power units having electrolyzer-storage-fuel cell structure. One of the possible solutions is the use of low-temperature metal hydrides (MH) based on LaNi 5 and its modifications [1] . Besides, the interest to hydrogen produced by biological sources [2] and useful feature of MH to selectively absorb hydrogen from gas mixtures discover the possibilities to develop power production units having bioreactor-purifier-storage-FC structure, directly utilizing hydrogen within integrated autonomous power unit. _____________ In [3] the possibility of successful thermal management of the system with 5 kW PEMFC and 13 st.m 3 MH hydrogen storage has been demonstrated. This result is based on the design of the heat exchanger of the reactor and operation regimes selection both optimized from the point of view of mass transfer crisis avoidance [4] the phenomenon, which is typical for the technology. The task of the demonstration of stability at power supply from MH hydrogen storage is simplified by the use of water (liquid) cooling loop and where PEMFC is the source of low potential heat (about 60 o C) and MH hydrogen storage is the heat absorber. However, water-cooled PEMFC stacks typically require complex water management subsystems that results in a larger system volume, weight and cost, while air-cooled PEMFCs that feature self-humidifying technologies developed to commercial level in recent years and are squeezing liquid-cooled PEMFCs out of the market at least in 1 -10 kW range. The heat transfer coefficient at heat transfer from the metal hydride bed to the liquid accounts for more than 120 W/(m 2 K) and these values are hardly achievable if one tries to heat up MH hydrogen storage by hot air from PEMFC outlet. In [5] the qualitative possibility to supply reliably 1.1 kW FC with hydrogen from air heated low temperature MeH reactor was experimentally proved.
The present research describes two demonstration FC-based units with the features of stand-alone and logistics-free (H2Smart), and MH biohydrogen purification (H2Bio). The essential new process in H2Smart is the MH reactor discharge driven by hot air, while in H2Bio the main results are connected with the technology of through-flow hydrogen purification.
H2SMART
The structure of H2Smart, namely electrolyzer-hydrogen storage-fuel cell supposes the utilization of commercial equipment everywhere except the hydrogen storage reactor. The system (see Figure 1 .) consists of electrolyzer with capacity100 l/h, up to 1 st. m 3 H 2 MH storage, 1 kW(e) PEM fuel cell and a battery. Electrolyzer produces hydrogen and dehumidifies it. Hydrogen then enters a sorption process in a hydrogen storage reactor, where together with metal alloy forms an MH. In order to perform this chemical reaction, heat is extracted by cold water in the water loop cooled in radiator due to natural convection. In order to produce electricity for the load demand, hydrogen is released from the storage system to PEM fuel cell. Desorption process requires heat that is supplied to the reactor in the form of hot water, which is heated by exhaust heat from PEM fuel cell using the radiator. In case the FC shuts down or experiences a low pressure of hydrogen from the MH back-up battery meets the demand of the load ensuring the reliability of the supply. MH system is the subsystem in H2Smart that is being studied with respect to heat and mass transfer processes thus an ability to measure temperature inside the reactor, input and output pressure, input and output heating agent parameters is needed. The reactor is filled with 5 kg of La 0.9 Ce 0.1 Ni 5 , nominal H2 storage capacity is 750 st. l. The hydrogen-absorbing alloy La 0.9 Ce 0.1 Ni 5 was mechanically shredded to a particle size less than 5 mm and inserted into metal hydride hydrogen storage units. 100 g of the selected alloy were used to study the absorbing properties (see Figure 2 ). The heat of reaction determined by the Van't Hoff equation is ΔH = 30.7 ± 0.5 kJ/mol H 2 , the entropy change ΔS = 110 ± 1 J/K mol H 2 , the maximum hydrogen capacity of the alloy is 1.34 ± 0.005% of the mass. According to the 1 kW Hoppecke E-1100 PEM FC specification, operating pressures (excessive) of hydrogen should be in the range between 0.055 to 0. 
H2SMART OPERATION TESTS
The findings of these tests are the following (see Figures 3,4) :  The FC heats up to 25-30 o C even in the absence of load  Crisis shutdowns do not bring a rapid decrease in the FC, on the contrary, the temperature stays on the levels higher than the zero load temperature  We can estimate 30 o C as a lower average FC internal temperature keeping in mind lower temperatures during the start-up procedures The goal of the next stage of tests was to experimentally prove the possibility of integration of the proposed MH reactor with a commercial 1kW PEM FC, explore working regimes of the system, run the system coupled with a back-up power supply in the form of a battery. The experimental investigations were performed in two stages: zero demand load when all the energy from the FC charges the backup battery and increased demand load to 450W when the FC supplies both the battery and the demand (see Figure 4 ). Previously, the pressure level of an FC hydrogen inlet pressure was found experimentally to be around 0.13MPa [5] . In this experiment, the MH reactor was able to maintain needed pressure level for the entire duration of the experiment. Peaks on the graph are connected with the volatile rise of the heating agent temperature. Throughout the experiment, MH reactor produced enough hydrogen pressure to supply successful fuel cell performance. 
H2BIO
2Bio has the variety of functions, including the process of storing hydrogen and cleaning biohydrogen that can be a mixture of gases with carbon dioxide and hydrogen or a model of the mixture of gases close to real biohydrogen. The cleaning and storing process uses the properties of intermetallic alloys that selectively absorb hydrogen from the mixture of gases forming metal hydrides. Purified hydrogen is stored in a solid-phase bound. The fuel cell energy system with hydrogen meets all required characteristics. The system includes the source of biohydrogen (see Figure  5 ), the MH block based on two reactors that clean and store hydrogen, PEM FC Hoppecke E-200 with 175W power, and an automatic control system for scientific research. In this set-up, MH storage is chosen to be lowpressure storage that can take hydrogen both from pure H2 and from the mixture of gases [6] , providing additional practical implication. Hydrogen from the tank enters MH storage reactors or can be supplied to the FC directly. After the storage in MH reactor, hydrogen is supplied to PEM FC, which supplies the load. The results of the initial series of experimental investigations conducted with pure hydrogen are presented in Figure 6 . 
CONCLUSION
A novel type of hydrogen storage and purification systems with low-pressure MH hydrogen storage reactor, low-temperature PEM FC, electrolyzer, were designed and developed. The PCT diagram of an intermetallic compound with design requirements was obtained experimentally. Obtained results prove the technical feasibility of the proposed concepts. H2Smart experimental set-up utilizes MH reactor using exhaust heat inside the system and avoids external heat agents that previously eliminated the possibility of using MH hydrogen storage in an autonomous logistics free power supply. The biohydrogen based H2Bio system designed for the proof-of-concept for through flow hydrogen purification also passed initial tests successfully The proposed systems have significantly opened the possibility of creating a novel air-heated MH storage reactor and provided valuable kW scale experimental results for the further development of investigations of MH storage and purification in a bigger scale.
